Abstract: Age estimation from skeletal remains is an important step in forensic biological identification. The main objective of this study is to develop an age estimation equation for the Thai population from vertebral osteophytes. Each vertebra in the cervical, thoracic and lumbar segments was scored for degree of osteophyte formation. Classification was carried out in accordance with the criteria established by Snodgrass and Watanabe, and used a new modified score of the length of vertebral osteophyte for age estimation. The sample included 400 individuals (262 males, 138 females) ranging in age from 22 to 97 years. A sample of Thai vertebral columns was used, the columns being divided into the following groups of vertebrae: cervical (C2-C7), thoracic (T1-T12), and lumbar (L1-L5). Each vertebra was scored for the degree of osteophyte formation and the accumulated data was analyzed statistically. Correlation coefficients and R-squared from mean in lumbar vertebrae for females of criteria established by the method of Snodgrass and Watanabe, the new modified score by length of vertebral osteophytes were 0.801 and 0.642 (P<0.01); 0.755 and 0.57 (P<0.01); 0.786 and 0.618 (P<0.01), respectively. This study presents all 23 subcategories (C2-L5) of the vertebrae to apply in real situations, showing all age estimation equations for males, females and combined sexes of unknown sex. One application of this study is age estimation when dealing with forensic cases in the Thai population.
Introduction
Age estimation from skeletal remains is an important step in forensic biological identification. Biological identification is an important screening process to provide information to prove identity, as a narrowing of estimation of age range in age estimation is crucial. It can save time and is a key factor in cases involving accidents or homicide.
For an estimation of age at death from skeletal remains, methods can be categorized into two main groups: sub-adult and adult. The estimation of adult age mostly relies on the skeletal degenerative processes [1] . Various skeletal parts can be utilized as adult age indicators. These include: cranial sutures of the skull [2] , dental wear [3] , the sternal end of the first rib [4] , and fourth rib [5, 6] , the pubic symphysis [7] and auricular surfaces [8] of the cortical bone [9] [10] [11] . In this study the focus of interest is on the vertebral osteophytes. Osteophyte formation on the vertebral column occurs and increases with age, and the development of vertebral osteophytes has been shown to be a general indicator of age [12] [13] [14] , but the use of vertebral osteophytes for age estimation has not been investigated in Thai people. To address this issue, a study of age estimation from vertebral osteophytes in a Thai population was conducted with the main objective of developing an age estimation equation by using vertebral osteophytes for age-at-death estimation of Thais.
A great deal of research has been conducted into adult age estimation, and several methods can be applied using various parts of the human skeleton [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Key morphological changes included in these studies were those involving cranial sutures, the pubic symphysis, auricular surface, and the sternal ends of first and fourth ribs [2, [4] [5] [6] [7] [8] . However, in real situations some bones that are found are barely intact, although some researchers report that in many cases the vertebral column was found to survive even if the limbs and skull had been destroyed by intense burning or by animals [15] . The presence and development of vertebral osteophytes can also be used as an age determination method [15] , but reliability of the findings are still in doubt and need additional study.
The degenerative process is a crucial factor in most methods developed for estimating adult age [1] . Vertebral osteophytes have been focused on for their age-related characteristics and can be useful as an age predicting tool [15] .
Degenerative change in the intervertebral discs between the vertebral bodies occur as a natural part of aging. This is an important component of osteoarthritis. Joint movement increases with age, as does reduction of such things as cell proteoglycan, collagen fibers and fluid in the intervertebral discs [12, 16, 17] . The degeneration process begins at the nucleus pulposus with cell loss and matrix alteration [16] [17] [18] . The most significant biochemical change to occur in disc degeneration is loss of proteoglycan [16, 17] .
Shapiro and Risbud's study is cited [16] :
This loss is responsible for a fall in osmotic pressure and a loss of hydration. The loss of proteoglycan thus has a major effect on the disc's load-bearing behavior due to damage caused by the collapse of the intervertebral disc and surface cartilage of the joint. The instability of the joint responds by increasing bone formation [12] . When calcium mask becomes bone regeneration, osteoarthritis produces vertebral osteophytes. These osteophytes arise from proliferating inner annular fibers which undergo metaplasia into cartilage, which calcify and proceed through an endochondral ossification sequence [16] . Degeneration in the end plate is associated with cell proliferation, cartilage disorganization, and new bone formation [16] . for genetic study of disc degeneration, the effect of age must be taken into consideration in terms of subject recruitment and data analyses [16] .
In 1958, Stewart [19] published a paper which presented some observations on vertebra osteophytosis from the standpoint of age identification. The condition of the superior and inferior borders of each vertebral centrum was rated subjectively on a five-point scale running from 0 (no lipping) to 4 (maximum lipping) [19] . Later, researchers such as Snodgrass [20] , Van Der Merwe et al. [21] , Kim et al. [22] , and Listi and Manhein [23] applied this concept to the study of the osteophyte formation. Later studies in Thailand, on the prevalence of vertebral osteophyte formation were conducted by researchers such as Namking et al. [12] and Chanapa and collegues [13, 14] . All of the above mentioned corresponding findings, specifically those related to the formation of osteophytes and age showed a correlation that was statistically significant, but there was still no relationship available for use in age estimation. However, in 2006 Watanabe and Terazawa [15] defined new grading scores for osteophyte formation. These included four grades, 0, 1, 2, and 3, based on the height of spur, lipping, and bridging at the superior and inferior margins of the cervical, thoracic, and lumbar vertebral bodies. The grading was obtained from the inspection and palpation of 225 bodies during autopsy. The average maximum values of the cervical, thoracic, and lumbar parts, respectively, were defined as the "osteophyte formation index" in each individual and statistical analysis of the integrated data was used to estimate age [15] . This method was thus accepted as a useful tool in estimating age at death [15] .
The current study is based on the scoring method concept Watanabe and Terazawa's study (2006) [15] used the length of the osteophyte at 0.8 cm as a cut-off point, using a fingerwidth measurement; the current study could not determine why Watanabe decided on this, but in this study (2019) the length was recorded by digital vernier caliper and measuring tape.
In the current study, all vertebrae (C2-L5) were evaluated for the presence and stage of formation of osteophytes, and the maximum expression was recorded. This staged classification system was used to assess the stage of osteophyte formation of the superior and inferior margins of the vertebral body based on Snodgrass (five-stage classification), Watanabe (four-stage classification), and a new modified score by the length of the vertebral osteophyte (six-stage classification). All scoring methods in all 3 methods have been collected and analyzed according to this study, which is different from previous studies (Snodgrass [20] and Watanabe and Terazawa [15] ). Mean osteophyte scores were recorded for the entire column and also for each subcategory of vertebrae using a digital vernier caliper and measuring tape. The scores were calculated by dividing the sum of the scores by the total number of vertebrae examined. For example, the mean lumbar osteophyte score was the sum score of all vertebrae divided by 5 (i.e., 6 for the cervical region, 12 for the thoracic region, and 5 for the lumbar region).
This study used a scoring method based on Snodgrass [20] and Watanabe and Terazawa [15] . The two previous scoring methods are used because both of these methods have been published and used for estimating age. As well, they're easy, fast and inexpensive. Earlier studies have provided a wide variety of scoring methods, but there are no studies that can be used to estimate an age equation. Previously, Stewart [19] invented a pattern for the scoring of osteophytes. There are many references to Stewart [20] [21] [22] [23] including Snodgrass; however, the reason why this study makes reference to Snodgrass is because they included clearer descriptions and more pictures than the other studies. Additionally, Watanabe's method is a study that was able to produce equations of age and newly defined grading scores in osteophyte formation.
Materials and Methods
This study used vertebral columns from a Thai sample which included cervical (C2-C7), thoracic (T1-T12), and lumbar (L1-L5) vertebrae from 400 individuals (262 males, 138 females) of known sex and age at death from the Forensic Osteology Research Center (FORC), Faculty of Medicine, Individuals with atypical numbers of vertebrae and evidence of vertebral damage were excluded from the study. Each vertebra in the cervical, thoracic and lumbar segments were scored for degree of osteophyte formation according to criteria established by Snodgrass [20] (five-stage classification), Watanabe and Terazawa [15] (four-stage classification), and the new modified score by length of vertebral osteophyte (six-stage classification) ( Table 1) .
From each individual, all vertebrae were evaluated for presence and stage of osteophyte formation; however, the atlas was not considered in the assessment of osteophytes due to the lack of body in the atlas. This staged classification system was used to assess the stage of osteophyte formation of the superior and inferior margins of the vertebral body ( Fig. 1 ) by evaluating the scores, ranging from no osteophyte to maximum osteophyte. Osteophyte expression can vary considerably within each vertebra, the maximum expression was the one recorded ( Fig. 2) . Mean osteophyte scores were recorded for the entire column and also for each subcategory of vertebrae. These scores were calculated by dividing the sum of the scores by the total number of vertebrae examined. For example, the mean lumbar osteophyte score was the sum score of all vertebrae divided by 5 (i.e., 6 for the cervical region, 12 for the thoracic region, and 5 for the lumbar region).
In the statistical tests using descriptive statistics including medians, means, standard deviations, Pearson's correlation test, and Linear regression analysis, we defined P<0.05 significant. All statistical analyses were performed using the SPSS software package (SPSS for Windows, version 20, IBM Corp., Armonk, NY, USA). Statistical analysis was carried out to discover the correlation between the degree of osteophyte formation and age. The following were statistically obtained for each sex: correlation coefficient, regression equation, standard error of estimate between age and degree of osteophyte formation in each vertebra and vertebral column segment.
Results
For a combination of both sexes, the mean age and standard deviation were 66.02 and 15.619 years, respectively. There were no significant differences in the mean age of the subjects between males (mean±SD, 65.82±15.534 years) and females (66.41±15.827 years) (P>0.05, Student's t-test). In all parts of the vertebral column, there was a significant correlation between the score value and the age. The following 
Discussion
In the past there have been several studies into vertebral osteophyte formation ( Listi and Manhein [23] tried to conduct research into age estimation in relation to osteophyte formation. Watanabe went on to create an equation to estimate the age [15] . The current study used a scoring method based on Snodgrass [20] and Watanabe and Terazawa [15] . The two previous scoring methods are used because both of these methods have been published for use in estimating age. Earlier studies have provided a wide variety of scoring methods. But there are no studies that can be used to estimate an age equation.
Watanabe was a study that could produce an equations for age. It was a new method of scoring based on the height of the osteophyte, but the range is still wide.
This study presents all 23 subcategories (C2-L5) of the vertebrae and shows all three scoring methods of the different processes from previous studies for age estimation equations for males, females and combined sexes of unknown sex, in order to be useful to readers and be applied in real situations. Also, these findings need to be used in accordance with the situations that occur around skeletal remains in order to help identity them.
In this study, analysis of the scoring for the degree of osteophyte formation using the three different criteria (Snodgrass, Watanabe, and Praneatpolgrang [this study]) resulted in no difference between the correlation coefficients. In comparing the correlation coefficient and R 2 values of the three scoring methods (Snodgrass, Watanabe, and Praneatpolgrang), we attempted to find out which of the three ways was best. The results indicate that all three ways are similar, showing that the three scores for degree of osteophyte formation in females was not significantly different and had a correlation coefficient of 0.801 (Table 2 ) using the Snodgrass [20] (five-stage classification) criteria. Snodgrass' scoring criteria was better than the other two scoring criteria (correlation coefficients of Snodgrass criteria were 0.76, 0.757, and 0.801 for a combination of the sexes, males, and females, respectively). This study used a new modified score by the length of vertebral osteophyte (Tables 1, 4 ). The new modified score measurement is more objective than the others because it provides a more frequent scoring range, which is clearer by the length of the osteophyte and makes the scoring faster by using a digital vernier caliper and measuring tape, which can be seen clearly and more objectively. Correlation coefficients of the Praneat- polgrang criteria were as follows: 0.749, 0.751, and 0.786 for a combination of the sexes, males, and females, respectively, and correlation coefficients of Praneatpolgrang's scoring criteria were considered to have high correlation [25] . All three scoring methods could be practically used because they had relatively high correlation with age [25] . The advantage of this research is that all three scoring criteria of different processes from previous studies for age estimation equations for males, females, and combined sexes are simple, easy to use, inexpensive and fast methods for estimating the age of a skeleton. Snodgrass' study (2004) [20] cannot create an age estimation equation, possibly due to a different process. The current study's preliminary results show the possibility of using vertebral osteophytes for age-at-death estimation in the Thai population.
The entire spinal columns and each subcategory of vertebrae were scored for the degree of osteophyte formation according to criteria established by Snodgrass [20] (fivestage classification), Watanabe and Terazawa [15] (four-stage classification), and the new modified score using the length of vertebral osteophyte method (this study) (six-stage classification). The report includes all age equations for an entire column and each subcategory of vertebrae (Tables 2-4) for three criteria of scores to determine the degree of osteophyte formation. Some sections showed a low correlation but the authors see that as a useful finding for further investigation. Also these findings need to be used in accordance with the situation that occurs around each skeletal remains in order to help identity them. This includes cases where all vertebrae are found, in which case the highest correlation coefficient and R 2 values should be sought. If only a few vertebrae are discovered this method should probably not be used.
The current study has been developed for three scoring methods and providesa more frequent scoring range using Praneatpolgrang's scoring. The new modified score measurement is clearer by the length of the osteophyte. It uses a larger reference sample from 400 individuals. This study can add weight to the findings from investigations of age estimation in the Thai population and can be useful in the field when dealing with forensic cases. (-, + 
